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DOD  Prostate  Award  Research  Technical  Reporting:  1  year  Progress  Report 
Laboratory-Clinical  Transition  Award:  Stage  I 

PC073499  -  Production  and  Characterization  of  a  Novel  0X40  Ligand  for  Clinical  Use. 
PI  -Andrew  Weinberg,  PhD 

INTRODUCTION:  Cancer  cells  h  ave  evo  Ived  to  evade  immune-m  ediated  des  truction 
through  several  documented  m  echanisms.  Our  group  has  developed  a  technique  to 
enhance  immune  function  in  turn  or-bearing  hosts  through  the  us  e  of  0X40  agonists, 
which  can  lead  to  regression  of  tumors  of  va  rious  histologies,  including  prostate  cancer 
(1).  In  particular,  we  ha  ve  produced  a  human  0X40  agonist,  termed  OX40L:ILZ:Ig  that 
has  potent  biologic  function  in  vitro  and  is  pr  oduced  in  large  quant  ities  by  tissue  cu  Iture 
cells.  The  ILZ  portion  of  the  chim  eric  protein  was  initia  lly  a  tr  imerization  domain 
obtained  from  a  yeast  sequence.  Our  initial  go  al  is  to  f  ully  humanize  this  m  olecule  by 
incorporating  human  trimerization  domains  to  replace  the  yeast  sequence,  thus  lowering 
the  probability  of  imm  une-mediated  recognitio  n  of  this  recom  binant  protein  by  treated 
cancer  patients.  Once  a  fully  functional  human  0X40  ligand  protein  is  developed  we  will 
proceed  with  production  and  purification  of  the  protein  so  that  it  can  be  tested  for  in  v  ivo 
biologic  activity  in  non-human  primates.  If  the  biologic  activ  ity  is  as  potent  as  an  0X40 
agonist  Ab  that  we  currently  have  adm  inistered  to  patients  we  will  produce  enough  GMP 
material  to  test  in  a  formal  toxicity  study  in  non-human  primates.  This  should  give  us  the 
proper  data  to  approach  the  FDA  for  approva  1  of  this  drug  f  or  clinica  1  tria  1  use. 
Ultimately,  the  goal  of  the  res  earch  is  to  produce  clinical  grade  human  OX40L:ILZ:Ig  to 
test  in  clinical  trials  for  patients  suffering  from  prostate  cancer. 

BODY :  The  initial  year  of  funding  was  spent  on  perfecting  th  e  soluble  0X40  ligand 
molecule.  In  particular,  we  proposed  to  swap  the  yeast  ILZ  domain  with  known  hum  an 
trimerization  domains.  After  modeling  the  different  known  human  trimerization  domains 
we  m  ade  a  decision  to  test  two  types:  1)  a  non-covalent  trim  erization  dom  ain  (from 
TRAF2  sequence)  and  2)  a  disulfide  linked  covalent  trimerization  domain  (from  matrilin- 
4  sequence).  TRAF2  is  an  adapter  protein  that  direc  tly  associates  with  the  O  X40 
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cytoplasmic  tail  and  ultim  ately  is  involved  with  transmitting  a  downstream  signal  to  the 
nueleus.  It  has  been  shown  that  O  X40  and  0X40  ligand  form  a  trimer  at  the  cell  surface 
and  the  ass  oeiated  TRAP  protein(s)  from  a  trim  er  within  the  cytop  lasm  essentially 
forming  a  stacked  three  protein  trimer  complex.  Henee  we  hypothesized  that  the  TR  AF2 
trimer  domain  might  make  a  perfeet  spatial  fit  between  the  OX40L  extrae  ellular  domain 
and  the  Ig  tail.  There  are  on  ly  a  few  of  the  h  uman  trim  erization  dom  ains  that  form 
natural  disulfide  bonds  and  the  m  atrilin-4  protein  is  one  of  them  .  W  e  reasoned  that  a 
covalently  bonded  trim  erization  domain  might  offer  greater  stability  in  vivo  and  hence 
might  have  inereased  biologic  activity  when  co  mpared  to  a  non-eovalent  trim  er  domain. 
Therefore  we  produced  both  OX40L  construe  ts  and  expressed  them  in  293  eells  as 
secreted  proteins.  Protein  G  colum  n  chromotogaphy  was  used  to  purify  the  proteins  to 
>95%  homogeneity  and  we  com  pared  their  si  ze  by  native  gel  eleetropho  resis.  Prior  to 
these  experiments  we  published  (2)  that  ou  r  initial  reeombinant  protein,  OX40L:ILZ;Ig, 
containing  the  yeas  t  trim  erization  dom  ain  folded  predo  minantly  as  a  hexam  er  as 
determined  by  column  chromatography.  Therefore  we  ran  all  three  recombinant  proteins 
side  by  side  on  the  native  gels  to  get  an  idea  of  heterogeneity  and  eom  parative  molecular 
weights  (Figure  1).  It  was  clear  that  th  e  TRAF2  and  matr  ilin-4  trimerization  domains 
gave  similar  protein  produets  (3  bands)  but  the  m atrilin-4  protein  was  less  horn  ogenous 
compared  to  the  TRAF2  construct.  We  su  rmised  that  the  upper  band  corresponded  to  a 
dodecamer,  the  m  iddle  band  a  h  examer,  and  th  e  lower  ban  d  a  trim  er.  The  m  atrilin-4 
domain  clearly  had  m  ore  of  the  higher  a  nd  lower  MW  bands,  which  m  ay  or  m  ay  not 
correspond  to  inereased  biologic  activity.  At  this  point  we  tend  to  favor  the  TR  AF2 
construct  due  to  the  more  homogenous  nature  of  the  produet,  although  we  are  now  in  the 
proeess  of  testing  all  the  prot  ein  products  in  our  in  vitro  T  cell  stimulation  assay.  Figure 
2  shows  som  e  of  our  i  nitial  bio  assay  results  and  it  is  c  lear  that  bo  th  protein  construets 
have  potent  biologic  activity,  both  in  the  plate -bound  and  soluble  assays.  While  it  is  hard 
to  piek  a  clear  cut  “winner”  based  on  our  in  vitro  assays  we  plan  to  test  both  of  these 
eonstructs  in  a  non-human  primate  pilot  study. 

Initially  within  our  Statem  ent  of  W  ork  docum  ent  we  did  not  include  the  sm  all 
pilot  study  discussed  above,  but  we  now  fe  el  that  in  vivo  verifieation  of  our  full  y 
humanized  ligand(s)  is  imperative  and  prudent  prior  to  m  oving  forward  with  large-scale 
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protein  production  and  a  full  to  xicity  study  proposed  in  year  s  2  and  3.  T  he  pilot  project 
will  also  help  us  m  ake  a  decision  as  to  which  constru  ct  we  should  choose  as  we  go 
forward  when  m  aking  clinical  trial  m  aterial.  To  this  end  we  have  produced  100  mg  of 
both  the  TR  AF2  and  Matr  ilin-4/OX40L  chimeric  proteins  and  shown  that  th  is  material 
contains  very  low  lev  els  of  endotoxin.  Hen  ce,  we  are  ready  to  proceed  with  the  monkey 
studies  and  have  obtained  lA  CUC  approval  from  the  Oregon  Primate  Center  and  we  are 
currently  seeking  approval  from  the  DOD  to  proceed  with  the  pilo  t  study.  It  should  be 
noted  that  the  human  0X40  ligand  only  binds  to  human  and  monkey  (not  mouse  or  rat), 
therefore  we  need  to  test  our  protein  constructs  in  monkeys  prior  to  moving  forward. 

KEY  RESEARCH  ACCOMPEISHMENTS: 

•  We  produced  two  novel  for  ms  of  the  hum  an  0X40  liganddrim  er:Ig  protein  that 
are  now  complete  human  sequences. 

•  These  proteins  were  translated  efficien  tly  in  293  cells  and  easily  purified  by 
protein  G  chromatography. 

•  It  is  clear  that  the  TRAF2  trimer  domain  and  the  Matrilin-4  trimer  domain  confer 
differences  in  protein  size  ratios,  which  was  ascertained  by  native  gels. 

•  Both  humanized  0X40  ligand  constructs  have  potent  biologic  activity  as  assessed 
by  an  in  vitro  T  cell  costimulation  assay. 

•  We  have  purified  100  mg  quantities  of  the  two  humanized  0X40  ligand  proteins 
to  be  used  in  an  in  vivo  pilot  study  in  non-human  primates. 

REPORTABEE  OUTCOMES: 

We  have  yet  to  publish  these  results  as  we  have  just  produced  these  proteins  and 
have  only  performed  two  in  vitro  costimulation  assays  (Eigure  2).  Our  hope  is  that  the  in 
vivo  biologic  activity  may  represent  a  reportable  outcome  in  year  2  of  the  funded  work. 

CONCEUSION:  In  summ  ary,  we  h  ave  completed  the  f  irst  year/phase  of  the  resea  rch, 
which  was  to  produce  a  fully  hum  an  version  of  the  0X40  liganditrim  er:Ig  protein.  We 
produced  two  protein  constructs  with  two  di  fferent  human  trimer  domains  and  both  had 
biologic  activity  as  assessed  by  our  in  vitro  T  cell  costimulation  assay.  W  eh  ave 
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produced  enough  purified  m  aterial  to  test  in  vivo  aetivity  and  have  planned  a  pilot  study 
involving  injeetion  of  these  proteins  into  non-hum  an  primates.  This  pilo  t  study  was  not 
in  the  original  statement  of  work,  but  we  are  cu  rrently  in  process  of  submitting  a  revised 
statement  and  budget  to  support  this  in  vi  vo  study.  Both  the  TRAF2  and  Matrilin-4 
eonstruets  appear  to  have  as  good  if  not  bette  r  in  vitro  bioaetivity  when  eom  pared  to  a 
mouse  anti-human  0X40  Ah  that  we  eurrently  have  in  elinieal  trials.  In  our  eurrent  phase 
I  elinieal  trial  with  a  m  ouse  0X40  agonist  Ah  that  is  adm  inistered  to  stage  IV  eaneer 
patients  we  have  observed  som  e  tumor  shrinka  ge  in  the  first  5/20  patients,  however  we 
have  not  yet  observed  a  eom  plete  response.  Our  hope  is  that  the  fully  hum  an  0X40 
agonists  d  eseribed  herein  will  have  m  ore  potent  biolog  ie  activ  ity.  U  Itimately,  u  pon 
eompletion  of  this  projeet  we  will  have  im  portant  prec  finical  inf  ormation  th  at  sh  ould 

allow  for  FDA  approval  of  a  fully  human  0X40  agonist. 
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Figure  1.  Analysis  of  recombinant  human  soluble  OX40L  constructs  by  native 
polyacrylamide  gel  electrophoresis.  Soluble  OX40L  constructs  contain  (from  N- 
terminus  to  C-terminus)  the  Fey  domain  of  human  IGg1 ,  the  coiled  coil  domain  for  either 
yeast  GCN4  (ILZ),  human  matrilin  4  (MT4)  or  human  Traf2  (TF2)  and  the  extracellular 
domain  of  human  OX40L.  Aliquots  of  these  three  proteins  along  with  marker  (M)  were 
analyzed  by  native  gel  electrophoresis  using  the  the  coomassie  blue  method  (Invitrogen). 
Separation  is  based  on  mass  and  shape  as  in  size  exclusion  chromatography  but  with 
high  resolution.  The  relative  proportion  of  each  band  in  the  three  samples  was  quantified 
on  an  Odyssey  Infared  scanner  (Licor)  and  shown  to  the  right  of  the  gel. 
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Figure  2.  Functional  comparison  of  soluble  human  OX40L  constructs. 

The  activity  of  two  fully  human  OX40L  constructs,  Fc-Traf2(TF2)-OX40L  and  Fc- 
Matrilin-4  (MT4)-OX40L  were  compared  human-yeast  hybrid  construct  Fc- 
GCN4(ILZ)-OX40L  and  to  the  mouse  anti-human  0X40  antibody,  GDI  34  mab 
(clone  9B12),  currently  in  phase  I  clinical  trial.  The  assay  is  based  on  the  ability  of 
0X40  agonists  to  stimulate  human  CD4  T  cell  proliferation,  as  measured  by 
incorporation  of  ^H-thymidine.  A.  In  the  plate  bound  assay,  the  activity  of  the  plate 
bound  0X40  agonist  is  measured  in  the  presence  of  plate-bound  sub-threshold 
anti-CD3  stimulation  of  the  T  cell  receptor  complex.  B.  In  the  soluble  assay,  activity 
of  soluble  0X40  agonist  (10  pg/ml)  is  measured  in  the  presence  of  sub-threshold 
anti-CD3  TOR  stimulation. 


